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Abstract 
The Energy Sector is facing its biggest upheaval. Governments around the globe are discussing the best way to combat climate 
change. Different mechanisms and policies have been introduced to reach a global carbon dioxide reduction of up to 80% by 
2050, based on 1990 emission levels. The difficulties in applying different instruments at the same time are often not considered 
in the discussion of different instruments. However to achieve an effective and efficient reduction of emissions, a look at the
whole bundle of instruments and their interrelationship is necessary when future regulations are discussed. This paper will 
critically assess the effects and the interrelationship of ETS, EPS and feed in tariffs from a European perspective. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
A large number of technical options have been identified to reduce CO2 emissions worldwide. However due to 
the significant share of CO2 emissions from the power sector, coupled with the limited number of actors involved in 
this sector, political pressure has been strongest on the power industry to achieve significant emission reductions. 
Numerous policies are now in place, both at a European and Member State level, designed to achieve the required 
CO2 emission reductions as agreed in the Kyoto protocol and broken down to country targets within the EU.  
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In 2009 the European Commission put the CCS directive in place and set out supporting mechanisms for the first 
CCS Demonstration plants under the European Economic Program for recovery (EEPR). There is a common 
understanding [1], that CCS will play a key role in reducing global CO2 emissions in the future to prevent a greater 
than 2oC rise in global temperature. However the actual certificate prices under the current cap and trade regime are 
currently too low to economically justify the installation of CCS, even at predicted technology costs for the post-
demonstration phase. This lack of a perceptible driver for carbon reductions from the EU ETS is driving proposals 
to introduce emission performance standards for CO2, aiming at enforcing the reduction of CO2 emissions from 
power generation by direct intervention. This would however counteract the general underlying principle of the EU 
ETS for achieving the required emission reductions, to use a market based mechanisms. Decisions which measures 
should be implemented to achieve the required greenhouse gas emission reductions should not be regulated by 
national authorities, but instead selected and decided by the market. Mechanism driven by a market price for a good 
(the emission certificates) will ensure that the market will chose the most cost effective solution to achieve the 
required emission reductions, without prescribing in detail individual measures to be taken. 
In the following paper the likely effects of an EPS on CO2 in the power sector in Europe, the impact on the ETS 
and future investment decisions by power companies as well as for the development and deployment of CCS will be 
analyzed.
2. Policy Instruments for Emission reduction 
Different policy elements targeting emission reductions will interfere with each other, if some or all input or 
output parameters of the different policy instruments are the same. Therefore care should be taken when defining 
policy instruments that the different instruments to be used do not counteract each other and therefore undermine the 
effect of the individual instruments. 
Key parameters for policy instruments should be their effectiveness and their efficiency. Effectiveness could be 
understood as the level of achievement of the desired target. Efficiency is the ratio between the efforts spent and the 
achievements. Good policy instruments should be effective and efficient. Achieving only good effectiveness or 
efficiency will not be sufficient. 
2.1. The European Emission Trading Scheme 
The European Emission trading scheme (EU-ETS) was agreed by the European Council and the European 
Parliament in 2003 and started on January 1, 2005. The EU-ETS covers about 10000 installations from the industry 
and power sector, which are responsible for nearly half of the EU’s CO2 emissions.  
Figure 1: CO2 Emissions covered by EU-ETS in 2005 and emission caps in EU-ETS phase II [2]. 
The EU ETS covers different periods with phase I from 2005 to 2007, phase II from 2008 to 2012 and phase III 
to start in 2013. In 2012 air traffic will be included in the EU ETS [3].
In an ETS, the total number of permits issued will define the maximum emissions allowed for the installations 
covered under the ETS and will determine the floor price for carbon. If more allowances than required by the 
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covered activities are put on the market, the result will be a low carbon price and therefore reduced emission 
abatement efforts. If fewer allowances are on the market than required, the carbon price will go up, leading to 
improved activities for emission reductions. As there is a common market for the certificates independent of the type 
of activities covered, possible emission reduction measures have to be shown in a single cost curve. 
The ETS is an effective instrument to achieve the required emission reductions as they are predefined by the 
emission cap. The installations covered under the ETS will exactly match the overall emission limits as defined in 
the cap. The market based mechanism of the ETS will in addition ensure that the least cost measures will be realized 
to achieved the required emission reductions, therefore the instrument is also very efficient. The only disadvantage 
is the transaction cost for acting on the market. For small emitters the ETS is therefore not an efficient solution, 
which is a reason why the EU ETS covers only the large scale emitters. 
In the past the EU ETS has clearly shown that the market for the emission certificates is working. Examples are 
the significant drop of the certificate prices in summer 2006, after information had been published by the 
Commission that there were much lower emissions than expected. This led to a price drop from about 30 to 10 
Euros per tonne of CO2. In summer 2007, when it became obvious that there were more certificates than required on 
the market and a transfer of certificates from phase I to phase II was not allowed, that price dropped close to zero as 
would be expected. Again at the end of 2009 the economic crisis led to reduced industrial activities and therefore a 
reduced demand for emission certificates. Without any changes in supply of certificates due to unchanged overall 
caps, the price of certificates went down again and is now back up to higher prices due to the economic recovery. 
Under these various events the ETS has therefore proven that the ETS is working properly. Shortfalls in supply or 
expected supply of certificates leads to increases, oversupply to decreases of the certificate price in the market. Cost 
for measures to reduce emissions will always be tied to the market price of the certificates, so that only measures 
will be implemented which are economic at the current price level, equivalent to the lowest possible cost. The ETS 
delivers a cost effective solution for emission reductions and guarantee that the politically set emission caps are met. 
2.2. Renewable Feed In Tariffs 
Besides the ETS the EU has set itself targets to increase the share of renewable energies on the primary energy 
supply significantly. In March 2007 a binding EU-wide target to source 20% of the energy needs from renewables, 
including biomass, hydro, wind and solar power by 2020 was set. To meet this objective the EU member states 
agreed to a new directive on promoting renewable energies, which set individual targets for each member state. A 
10% share of 'green fuels' in transport is also included within the overall EU target. EU countries are free to decide 
their own preferred 'mix' of renewables, allowing them to take account of their different potentials. 
In the EU the majority of the member states selected feed in tariffs and price premiums to support the 
introduction of renewables in their countries [4]. The support of renewable energies is not linked to the emission 
reductions achieved with the use of the renewable technologies but with the cost of their deployment. If the support 
guarantees an economic operation of renewable energies, these will be deployed by market actors. So if feed in 
tariffs and price premiums are sufficiently high, the share of renewable energies will increase and the renewable 
target can be met. However, this instrument is not able to achieve a specific emission reduction target, as the amount 
of emissions is not limited but only related to the electricity produced via the different renewable technologies. So 
Feed in Tariffs are neither an effective nor an efficient instrument to achieve emission reductions. Feed In tariffs are 
supporting the technology development and market introduction of renewable energy technologies but are not suited 
for achieving dedicated emission reduction targets. This has already been clearly pinpointed by Mock for example 
[5] 
2.3. Emission Performance Standard (EPS) 
Emission Performance Standards (EPS) have been successfully used in the past to reduce NOx, SOx and particle 
emissions from different installations. The key driver for such emission performance standards have been reduction 
of local air pollution. Regarding EPS for CO2, a driver in the actual debate is the lack of confidence by NGO’s, the 
UK Climate Change Committee and various governments in the ability of the EU ETS to provide sufficient 
incentives to support low carbon generation. However such emission performance standards are requiring all 
emitters to achieve similar reduction levels, independent from the costs to comply with these standards. EPS are 
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therefore an effective instrument to reduce the emissions from single plants but are not efficient due to the fact that 
each installation is facing different boundary conditions and therefore different abatement costs.  
Therefore EPS are not a cost efficient instrument as measures have to be implemented independent from their 
individual costs. This seems to be a reasonable approach if the local aspect of air pollution is addressed and 
therefore the value of health and safety of people living near the installation is concerned. However an EPS for CO2
cannot be built on the argument of local effects, as global warming related to the emission of greenhouse gases is a 
global and not a local issue.  
Due to the global nature of CO2 emissions it should also be reflected what the impact of such an instrument 
would be in relation to a set of emitters of which some will fall under an EPS and other will not fall under an EPS. 
EPS could therefore trigger a change in the share that different technologies are holding on the market. They could 
also have significant impact on reinvestments as old installations typically get a period of transition before they have 
to comply with newly introduced EPS. Newly introduced EPS can even force installations to shut down without 
achieving investment in new installations for replacement. 
EPS for CO2 for new power plants have been introduced in California in 2006 [6] and a number of other states in 
the western US and have proved not to be successful. They have only led to a postponement or withdrawal from 
investments in coal fired power plants, leaving the state with difficulties of reliable power supply and peaking 
electricity prices. Care should be given to the fact, that an approach can not be successful implemented at regional 
scale in open markets. Introducing an EPS e.g. in the UK but not in the other countries of the EU all covered under 
the EU ETS will lead to significant market distortion. 
However EPS for CO2 have entered the debate in Europe together with the introduction of the EU CCS directive 
and during the revision of the Industrial Emission Directive (IED). Since then there has been an ongoing debate 
which is strongest in the UK.  
In 2009 a study was published [7] on the possible effects of the introduction of an EPS for the power sector. 
Unfortunately the study focused on the power sector alone and assumed that saved emission certificates from the 
power sector could be used elsewhere and therefore came to the wrong conclusion that EPS would reduce overall 
emissions. However it is typically agreed by the supporters of EPS for CO2, that the Emissions of CO2 are already 
covered by the ETS and that there is a link between the two instruments EPS and ETS. In the following part the 
paper will therefore describe the possible effects the different instruments for emission reductions will have from a 
local and global perspective as well as analyzing the effects on society or individual companies.  
3.  The Dependencies of Different Instruments for CO2 Emission Reductions 
Emission performance standards for CO2 for power plants, Renewable feed in tariffs or renewable obligations as 
well as the emission trading system for CO2 are all linked by the electricity market. So changing the conditions in 
one of the policy instruments will have an impact on the electricity market but the overall result will be difficult to 
estimate, as these changes will also trigger changes in the other areas. 
3.1. Effect on overall CO2 emissions 
To start with let’s have a look at the overall CO2 Emissions of the EU. The maximum allowable CO2 emissions 
are fixed by the targets set out in the national allocation plans or the EU ETS budget after 2012. There are no 
incentives to reduce CO2 emissions below this level, so the cap is not only acting as upper but also as lower level for 
the emissions. As the certificates are tradable across sectors and countries, emission reductions will be realized in 
the areas where the required reductions can be achieved at lowest costs. However the overall balance remains 
unchanged, Figure 2.  
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Figure 2: EU-ETS balances out emission reductions in different sectors and countries to realise compliance with emission caps at lowest cost. 
If in addition to the EU ETS the renewable electricity production is supported via a feed in tariff, the electricity 
generation from fossil power plants will be reduced, leading to reductions of emissions from the power sector. This 
emission reduction in the power sector is achieved at the CO2 avoidance cost for renewable electricity production, 
which is typically much higher than the avoidance costs in other sectors. At the same time the pressure to the 
industry sectors is reduced as less reduction is required from them. Therefore feed in tariffs for renewables do not 
reduce CO2 emissions but instead moves them from the power sector to the industry sector. The effect could only be 
realized, if the renewable energy targets are taken into account when setting the overall CO2 emission caps, a case 
which is rather difficult to prove. In the most unfortunate case, feed in tariffs would move renewable energy 
production to the country with the most favorable financial conditions, independent of the fact where the renewable 
energy production would be most cost effective without feed in tariffs. Under fixed emission reduction targets, 
increasing renewable electricity generation will therefore reduce the value of an emission certificate and will lead to 
a reduction of efforts in other sectors. So the lower emissions from the power sector will be offset by higher 
emissions from other sectors. 
A similar effect would be observed after the introduction of an EPS for CO2 for the power sector. The 
introduction of an EPS might require power plants to apply CCS, a measure which could reduce CO2 emissions 
from power plants significantly but at a significant additional cost. However, the lower the requirements of 
certificates from the power sector the lower the prices for emission certificates and therefore a higher production of 
CO2 in other sectors. The introduction of an EPS would therefore add additional distortions to the ETS system, 
without achieving the goal of reducing the total CO2 emissions under the ETS. 
So with an introduction of EPS the ETS budget has to be adjusted downwards, which mean some ex-post 
adjustments of allocation the Commission always rejected and most notably, insecurity in the market since investors 
have no certainty about the future CO2-budget. 
3.2. Effect on power prices 
Power prices are built on the market depending on the demand and the supply curve. Feed in tariffs and price 
premiums take parts of the electricity supply away from the market by preferring the use of renewables and fixing a 
price, independent from supply and demand. A high share of renewable energy will reduce the residual load to be 
satisfied by conventional electricity production. So in times of high renewable supply the spot market price will be 
reduced but at low renewable supply prices will be peaking. Increasing price volatility is a direct effect of the feed in 
tariffs.  
The introduction of an EPS for CO2 would force fossil power plants to close down or to add CCS, leading to an 
increase in the operating costs. EPS will therefore change the merit order curve of electricity generation 
technologies, especially if different limits would be defined for different technologies. As also the price setting 
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power plants in the merit order curve have to comply with the EPS, the introduction of EPS will lead to an increase 
in power prices at the spot market.  
A similar effect occurred after the start of the ETS. With the start of the ETS, CO2 emissions had been priced on 
the certificate market [8]. Depending on the specific CO2 emissions of power generation technologies, this increased 
the cost of electricity production especially for lignite, hard coal and gas fired power plants. An increasing 
certificate price will therefore directly increase the power price at the market, as the price setting power plants are 
the fossil ones. Table 1 shows the effect of the certificate price on the additional marginal generation costs for 
different technologies. 
Table 1: Additional costs for power production linked to the ETS for various certificate prices [Source: Own calculations] 
 Specific CO2
Emissions 
Certificate Price 
 g CO2/kWhel 10 €/t 20 €/t 30 €/t 40 €/t 50 €/t 
Lignite 1000 1.00 
ct/kWh 
2.00
ct/kWh
3.00
ct/kWh
4.00
ct/kWh 
5.00
ct/kWh
Hard 
Coal
850 0.85 
ct/kWh 
1.70
ct/kWh
2.55
ct/kWh
3.40
ct/kWh 
4.25
ct/kWh
Gas 380 0.38 
ct/kWh 
0.76
ct/kWh
1.14
ct/kWh
1.52
ct/kWh 
1.90
ct/kWh
Wind 0 0.00 
ct/kWh 
0.00
ct/kWh
0.00
ct/kWh
0.00
ct/kWh 
0.00
ct/kWh
So achieving emission reductions in the power sector is not a free lunch for the economy but will lead to 
additional costs which have to be recovered. Also for feed in tariffs, which reduces to some extend the market prices 
for electricity the overall effect on the end-user is typically a price increase, as the costs for the feed in tariffs are 
added to the sales prices via an assessment system. 
3.3. Effect on power plant mix and CCS 
The future power plant mix in the EU is determined by the framework conditions for investments in electricity 
generation equipment. Investors will choose those technologies or the technology mix which is expected to deliver 
the highest return on investment. High feed in tariffs for renewable electricity generation with guaranteed feed in 
rates over a long period are a low risk high return business. This beneficial framework condition will lead to a 
continuously growing share of renewable energies in the system, however at a high cost for the electricity consumer 
who has finally to cover the full cost of the electricity production including the subsidies for the feed in tariffs.  
The ETS has already proven to reduce emissions using market mechanisms with minimized costs. In the past the 
ETS has triggered first the fuel switch to existing less CO2 emitting plants and induced the replacement of old power 
plants with state of the art plants, achieving much higher efficiencies and therefore lower emissions. As the ETS 
puts a price tag on CO2 emissions, it pushes low carbon emitting technologies such as gas, renewables and nuclear. 
In principle ETS would therefore also be able to handle the increase use of renewables, but as the ETS would favour 
the most cost effective solutions, renewable electricity generation would not be a low cost option and therefore 
would not be selected at current power prices. However the ETS will set the right incentives to retrofit power plants 
for improved efficiency and to replace old and inefficient power plants by new and state of the art power plants, 
often leading to emission reductions of 20% and more, only due to the significant increase in efficiency. 
If an EPS for the power sector was introduced, power plant operators would have different options. One would 
be to retrofit CCS to their plants to comply with the EPS, but this would add significantly to the generation costs. A 
second option would be to invest in renewables or nuclear, technologies which would not be harmed by an EPS on 
CO2. A third option would be to extend the lifetime of existing power plants, as typically EPS would be first 
introduced on new build power plants. EPS could also delay investments as they might not be economic at actual 
certificate prices. A recently published response from the CCSA [9, CCSA, 2010] to the Energy and Climate 
Change Committee Inquiry on EPS in the UK pinpointed these difficulties too. At the same time, it should not be 
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neglected that investments in power generation have a long lead time of 4 to 8 years and a lifetime of at least 40 
years. Uncertain application procedures and increasing local opposition due to missing acceptance of new industrial 
investments may delay new projects further. So a delay in investment could lead to a shortfall in generation 
capacity. It should also be noted that the way an EPS would be introduced would affect the fossil fuel mix. An 
output based EPS of e.g. 500 gCO2/kWhel would enable gas fired power plants to be operated without CCS whereas 
coal fired power plants would need to be equipped with CCS; as such a low level of emissions cannot be realized 
only with efficiency improvements. Therefore such an EPS would improve the economic conditions for gas 
compared to coal fired power plants. Depending on whether an EPS was introduced on a plant level, a company 
level or a country level, will lead to different outcomes, with the highest overall costs if the EPS were introduced on 
a plant level. Next to environmental aspects security of supply considerations should be addressed in case the EPS is 
in strong favour for a single fuel option.  
Another key aspect to be taken into account is the set of available technologies. At the present time CCS is in the 
early demonstration phase with the first large scale implementations expected to be commissioned in 2015. 
Introducing an EPS to force undemonstrated large scale technologies in the power plant mix will not be possible, as 
the potential risk premiums to be taken by an investor would be too large.  
4. Conclusions for the development and deployment of CCS 
The introduction of the EU-ETS has without any doubt led to CO2 emission reductions over the past years. All 
leading utilities including E.ON are committed to reduce the CO2 emissions from the power sector. E.ON has set 
itself the target to reduce the specific CO2 emissions from power generation by 50% down to an average value of 
360 gCO2/kWh, Figure 3. On March 18, 2009, electricity sector chief executives from 61 power companies in 27 
countries, responsible for over 70% of total European power generation even went a step further and declared their 
willingness to achieve a carbon-neutral power supply in Europe by 2050 [10]. The market based mechanisms ETS 
together with the knowledge on climate change and the limitation of the natural resources have therefore changed 
the electricity market significantly in the past. The market based mechanisms ETS has proved to work properly by 
delivering the emission reduction targets effectively and efficiently at low additional costs. Emission reduction in 
industry and the power sector is however often linked to additional costs. These costs have to be redistributed to 
society; therefore we should be aware that the costs for our energy supply will increase in the future. To keep the 
additional cost as low as possible, a careful selection of instruments to reduce green house gas emissions is 
necessary.  
Share of renewable
energy increased
Efficiency increased
CCS introduced
Possible Generation portfolio 2030
1990
720
2006 Target2030
- 50 %
490
~ 360
in g/kWh
E.ON's specific CO2 emissions
 50% reduction of specific CO2
emissions compared to 1990
 Until 2030 reduction
down to 360 g/kWh
2030
< 50 %
low CO2
electricity
31 % 
36 % 
11 % 
> 50 % 
CO2-free
electricity
Natural gas
Coal 
Renewables
Nuclear power
Coal with CCS1)
Share of nuclear 
maintained
22 % 
1
3
2
Figure 3: E.ON’ Commitments to reduce the specific CO2 emissions from power generation. 
Mixing market based instruments such as ETS, direct financial support such as feed in tariffs and regulation such 
as emission performance standards will lead to large inefficiencies of the instruments. A clear distinction should be 
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made between emission reduction targets, technology development and market introduction of new technologies. 
Each instrument has its merits and back drafts for the achievements of individual targets, ranging form technology 
development over technology deployment to overall emission reductions but different types of interfering 
instrument should not be applied at the same time for the same set of technologies. 
Especially the introduction of an EPS seems not to be an appropriate instrument for the reduction of CO2
emissions as EPS will not lead to any additional CO2 reduction in a carbon constrained world with an already 
existing cap and trade system on total CO2 emissions. Any reductions achieve via the introduction of an EPS in the 
power sector will be compensated by extra emissions in other areas. A cap on emissions is not only acting as 
maximum value but also as minimum value for the overall emissions of an economy. 
Regulations requiring the application of technologies not commercially proven such as CCS will counteract the 
ongoing activities for technology development and testing. The argument that the introduction of EPS is necessary 
to make CCS happen in the power sector is therefore not sound. Instead of introducing new instruments it would be 
more worthwhile to further the existing instruments such as the ETS.  
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